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Introduction
At the RAN1 #88 meeting of February 2017, the following agreements were made on preemptive transmissions of URLLC over eMBB in the DL.
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB
In this contribution, we discuss the design considerations for preemptive transmissions in the DL.
Handling preemption due to URLLC
In view of this agreement, 3GPP NR may consider techniques to handle retransmission for the eMBB UE and techniques to improve eMBB robustness to minimize the loss from preemption. These topics are discussed in more detail in the following sections.
[bookmark: _Ref471386577]Retransmission of preempted resources
Retransmission of preempted eMBB resources may occur in the following ways. Note that the preempted resources may be indicated at either CB or CBG level of granularity. Figure 1 illustrates the related concept.
a. The retransmission occurs before the eMBB UE sends A/N feedback. This can be handled in the following ways.
· The retransmission occurs as shown in Figure 1A where the eMBB UE processes the retransmission caused by URLCC preemption and transmits it’s A/N on the resources allocated for the original transmission. This approach has latency constraints but uses A/N resources efficiently.
· The retransmission occurs as shown in Figure 1B where the eMBB UE is configured/allocated with a new A/N resource for A/N feedback for the retransmission caused by URLCC preemption. Additionally the gNB may release the A/N resources for the original transmission and reuse it efficiently. This approach is less latency constrained on the retransmission timeline.
b. A retransmission occurs if a Nack is received for the preempted CBG or TB as shown in Figure 1C. If the number of preempted eMBB resources is small, this approach may be advantageous as the likelihood of decoding a preempted eMBB transmission may be sufficiently high and unnecessary retransmissions can be avoided. Here, the HARQ retransmission may carry the preemption indication and resource information – so no other preemption indication is required. This approach has more latency. But in the event that non preempted CBGs are also incorrectly decoded, a one-shot retransmission of preempted and erroneous CBGs is sufficient and saves control overhead.


[bookmark: _Ref478037280]Figure 1 retransmission strategies in preemption (A) Feedback for retransmission on original A/N resources, (B) Feedback for retransmission on new A/N resources, (c) Retransmission after Nack.
Observation 1: Retransmission of preempted resources may be done in different ways. NR should evaluate the resource overhead and latency in evaluating these solutions.
Improving eMBB robustness to preemption
When preemption occurs, some eMBB resources are erased or punctured – effectively the code rate for the impacted CBs is increased and performance is lowered. If frequency first mapping is used for CBs, the impact of preemption can be significant on a single CB or a small group of CBs. Figure 2A indicates erasure of large number of resources for CB0 due to frequency first mapping.
However, if the impact of preemption can be distributed to a large number of CBs, the throughput of eMBB transmission can be more robust to the preemption. The preempted resources can be distributed across multiple eMBB CBs through the following ways:
a. Distribute eMBB CBs in time (through randomization over N symbols). Figure 2B gives a simplified example of randomized mapping of 2 CBs within a slot of a DL grant – as a result, 2 CBs are mapped in resources that are punctured. This approach increases latency and buffering requirements in decoding the CBs but distributes the impact of the puncturing.
b. Perform additional rate matching (increasing the code rate) on one or more of the CBs following the preempted resources. Here eMBB CBs are mapped contiguously in frequency first manner in available resources – the preempted resources are skipped. The remaining code blocks are rate matched further to fit into the remaining resources - thus they operate at a higher code rate. This is illustrated in a simplified example in Figure 3 where the preemption occurs in resources originally intended for CB0. CB0 symbols are mapped in resources following the preemption. In this example, CB1, CB2, CB3 and CB4 are rate matched to fit into the remaining resources. This scheme removes the latency contraints and buffering requirements for randomization. However, if preemption occurs closer to the end of the TB, few CBs can be further rate matched and the scheme would reduce to a frequency first mapping scheme in performance.



[bookmark: _Ref478037776]Figure 2 Effect of puncturing on eMBB CBs (A) Puncturing severely affects 1 CB in frequency first mapping (B) Punctured resources are distributed over randomized CBs.




[bookmark: _Ref478120772]Figure 3 Frequency first mapping with additional rate matching for CBs following the preemption

Figure 4 compares the performance of the schemes discussed above. The simulation assumptions are listed in Table 1. For the additional rate matching scheme, the last 3 CBs are rate matched to fit the remaining resources. 

It is seen that if only 1-bit A/N is used for feedback (Figure 4A) and throughput is based on TB error rate, the frequency-first scheme performs very poorly as one of its CBs is severly punctured due to preemption in this simulation configuration. It is also seen that greater the randomization, higher the throughput. The scheme with additional rate matching shows good tradeoff between performance and latency/buffer requirements.

If multi-bit A/N is supported with 1 bit per CB, the performance is as seen in Figure 4B. Here again there is performance gain with randomization and additional rate matching schemes relative to frequency first mapping.

Observation 2: CB resources and mapping impact eMBB robustness. 3GPP NR should consider studying this aspect in more detail.
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[bookmark: _Ref478038877]Figure 4 Throughput (A) TB based, assumes 1 bit A/N for TB, (B) CB based, assumes 1 bit A/N per CB

[bookmark: _Ref478038906]Table 1: Simulation Assumption
	Channel model
	CDL-A, 100 ns, 5Hz Doppler

	MCS
	64QAM, TBS 25456 (5 CBs of 5120 bits)

	eMBB Allocation
	60 PRBs in 20 MHz band

	Channel Estimation
	Ideal

	Tx x Rx
	1 x 2

	eMBB Numerology
	SCS = 15 kHz, normal CP

	eMBB channel code
	LDPC [2] with pseudo-random interleaving of CB bits

	URLLC preemption
	8.3% of eMBB resources as shown in figure below
SCS = 60 KHz 




	Retransmission
	No retransmission





Conclusion
In this contribution, we make the following observations on preemption of eMBB resources.
Observation 1: Retransmission of preempted resources may be done in different ways. NR should evaluate the resource overhead and latency in evaluating these solutions.
Observation 2: CB resources and mapping impact eMBB robustness. NR should consider studying this aspect in more detail.
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